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ABSTRACT
Previously we proposed a novel method to inspect the isotropy of the properties of
gamma-ray bursts (GRBs) such as their duration, fluences and peak fluxes at various
energy bands and different time scales, complementary to existing studies of spatial
distribution of GRBs by other authors. The method was then applied on the Fermi
GBM Burst Catalog containing 1591 GRBs and except one particular direction where
we noticed some hints of violation from statistical isotropy, the rest of the data showed
consistency with isotropy. In this work we apply our method with some minor modifi-
cations to the updated Fermi/GBM data sample containing 2266 GRBs, thus ∼ 40%
larger. We also test two other major GRB catalogs, the BATSE Current GRB Cata-
log of the CGRO satellite containing ∼ 2000 bursts and the Swift/BAT Gamma-Ray
Burst Catalog containing ∼ 1200 bursts. The new results using the updated data are
consistent with our previous findings and no statistically significant anisotropic feature
in the observed properties of these samples of all GRBs is found.
Key words: gamma-ray burst: general – cosmology: large-scale structure of Universe
– methods: data analysis – methods: statistical
1 INTRODUCTION
The sky distribution of Gamma-Ray Bursts (GRBs)
(Piran 2004; Me´sza´ros 2006; Vedrenne & Atteia 2009;
Kouveliotou et al. 2012; Gomboc 2012; Kumar & Zhang
2015; Dai et al. 2017; Willingale & Me´sza´ros 2017) has been
tested intensively and the early works claimed that they were
distributed isotropically (Meegan et al. 1992; Briggs et al.
1996; Tegmark et al. 1996). As more observational data in-
creased and various methods were applied, it was claimed
that the group of short GRBs (T90 < 2 s) (Bala´zs et al.
2003), which originate in mergers of compact objects such
as neutron stars (Paczynski 1986; Eichler et al. 1989; Berger
2014; Abbott et al. 2017a,b,c), was distributed anisotrop-
ically (Bala´zs et al. 1998, 1999; Magliocchetti et al. 2003;
Vavrek et al. 2008; Tarnopolski 2017), where the T90 is
the duration during which 90% of the detected counts
from a GRB is accumulated (Kouveliotou et al. 1993).
However, several other works claimed different results
(Me´sza´ros et al. 2000a,b; Litvin et al. 2001; Bernui et al.
⋆ E-mail: shafieloo@kasi.re.kr
2008; Veres et al. 2010; Ukwatta & Woz´niak 2016). The
works which analyzed GRBs of duration 2 s . T90 .
10 s found that also these bursts were distributed
anisotropically (Me´sza´ros et al. 2000a,b; Litvin et al. 2001;
Vavrek et al. 2008; Veres et al. 2010). However, see works
by Me´sza´ros & Sˇtocˇek (2003); Ukwatta & Woz´niak (2016)
which came to different conclusion. Anisotropical distribu-
tion on the sky was also proclaimed for very short GRBs
(T90 ≤ 100ms) (Cline et al. 2005; Ukwatta & Woz´niak
2016). On the other hand, the group of long GRBs (T90 >
2 s), which are associated with the collapses of massive
stars (Fruchter et al. 2006; Woosley & Bloom 2006), were
found to be distributed isotropically (Bala´zs et al. 1998,
1999; Me´sza´ros et al. 2000a,b; Magliocchetti et al. 2003;
Vavrek et al. 2008; Tarnopolski 2017; Ukwatta & Woz´niak
2016), however see Me´sza´ros & Sˇtocˇek (2003), which came
to a different conclusion. Papers Me´sza´ros et al. (2009a,b);
Me´sza´ros (2017, 2018) summarize these efforts.
Horva´th et al. (2014, 2015) studied the spatial distri-
bution of GRBs with known redshift and they concluded
that they found a statistically significant clustering at the
redshift range of 1.6 < z ≤ 2.1 of the size of about 2 000–
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3 000Mpc. However, the work Ukwatta & Woz´niak (2016)
also analyzed GRBs with measured redshift concluded that
an evidence of a significant clustering was not found. Impli-
cations of the results obtained by Horva´th et al. (2014) on
the Cosmological Principle are discussed by Li & Lin (2015).
Bala´zs et al. (2015, 2018) found an over-density of GRBs in
the redshift range of 0.78 < z < 0.86 (comoving distance
of 2 770 Mpc), which forms a ring-like shape displayed by
9 GRBs with a diameter of 1 720 Mpc. Other recent works
which study the spatial distribution of GRBs with known
redshift were done by Raikov et al. (2010); Shirokov et al.
(2017).
The isotropy or homogeneity of the Universe has
been intensively analyzed also using various observa-
tions other than GRBs, for example: supernovae Ia
(Colin et al. 2011; Feindt et al. 2013; Appleby et al. 2015;
Javanmardi et al. 2015), galaxies and clusters of galax-
ies (Frith et al. 2005a,b; Gott et al. 2005; Hogg et al.
2005; Kashlinsky et al. 2008; Scrimgeour et al. 2012;
Ferna´ndez-Cobos et al. 2014; Appleby & Shafieloo 2014;
Kroupa 2015; Javanmardi & Kroupa 2017; Sokolov et al.
2018), active galactic nuclei (Tiwari & Jain 2018), HI
line sources (Rudnick et al. 2007; Avila et al. 2018),
groups of quasars (Clowes et al. 2013; Nadathur 2013),
cosmic microwave background (Hinshaw et al. 1996;
Planck Collaboration et al. 2014, 2016).
In our previous work Rˇ´ıpa & Shafieloo (2017) we pro-
posed a new method to test the isotropy of the observed
properties of GRBs such as their duration, fluences and peak
fluxes at various energy bands and different time scales. This
approach is novel because all the previous studies based on
the GRB data tested only the distribution of the number
densities of GRBs, but not their observed properties. In this
paper we apply almost the same method, but with slight
improvement of its sensitivity, to the considerably updated
Fermi / Gamma-ray Burst Monitor (GBM) data sample,
which is larger by ∼ 40%. Herein we also test the Burst
And Transient Source Experiment (BATSE) Current GRB
Catalog of the Compton Gamma Ray Observatory (CGRO)
satellite containing more than 2000 GRBs and the Swift /
Burst Alert Telescope (BAT) Gamma-Ray Burst Catalog
containing more than 1200 GRBs.
The paper is organized as follows. Section 2 describes
the used data samples. Section 3 details the used methodol-
ogy. The results are presented in Section 4 and discussed in
Section 5. The last Section 6 summarizes our conclusions.
2 DATA SAMPLES
Three catalogs are examined in this work. The first one is
the database of the GBM instrument (Meegan et al. 2009)
of the Fermi satellite1 (Atwood & GLAST Collaboration
1994). Particularly, we employ the FERMIGBRST -
Fermi GBM Burst Catalog2 (Goldstein et al. 2012;
Paciesas et al. 2012; Gruber et al. 2014; von Kienlin et al.
2014; Narayana Bhat et al. 2016), which is being constantly
1 http://fermi.gsfc.nasa.gov/
2 https://heasarc.gsfc.nasa.gov/W3Browse/fermi/
fermigbrst.html
updated and which is one of the most complete burst
catalog to date.
The second one is the database of the BATSE instru-
ment (Fishman et al. 1985) of the CGRO3 (Gehrels et al.
1993). Particularly, we employ the BATSE Current Gamma-
Ray Burst Catalog4. For details see also the previous BATSE
catalogs: 1B (Fishman et al. 1994), 3B (Meegan et al. 1996),
4B (Meegan et al. 1998), and 4Br (Paciesas et al. 1999).
The third one is the database of the BAT instrument
(Barthelmy et al. 2005) of the Neil Gehrels Swift Observa-
tory5 (Swift) (Gehrels et al. 2004). Particularly, we employ
the Swift/BAT Gamma-Ray Burst Catalog6 , which is being
constantly updated.
2.1 Fermi/GBM sample
Compared to our previous work Rˇ´ıpa & Shafieloo (2017),
which used Fermi/GBM sample containing 1591 GRBs, in
this article we use updated sample which contains ∼ 40%
larger number of GRBs. In this updated sample there is 2271
GRBs with the first one detected on 2008/07/14 and the last
one detected on 2018/02/25. The following observables from
the catalog are applied in our study:
• Galactic longitude l (◦), in the catalog denoted as LII.
• Galactic latitude b (◦), in the catalog denoted as BII.
• GRB duration T90 (s) measured in the energy range of
50–300 keV.
• Photon peak fluxes F64, F256, and F1024 (ph cm
−2 s−1)
on the 64-ms, 256-ms, and 1024-ms timescales in the
energy range of 10–1000 keV and in the catalog denoted
as Flux 64, Flux 256, and Flux 1024, respectively.
• Photon peak fluxes F64,B, F256,B , and F1024,B
(ph cm−2 s−1) on the 64-ms, 256-ms, and 1024-ms
timescales in the energy range of 50–300 keV and in the
catalog denoted as Flux BATSE 64, Flux BATSE 256,
and Flux BATSE 1024, respectively.
• Fluence S (erg cm−2) is the time integrated flux over
the whole duration of a burst in the energy range of
10–1000 keV and in the catalog denoted as Fluence.
• Fluence SB (erg cm
−2) is the time integrated flux over
the whole duration of a burst in the energy range of 50–
300 keV and in the catalog denoted as Fluence BATSE.
Five GRBs have the T90 duration measured in a dif-
ferent energy range than the nominal range 50–300 keV or
they have fluence and peak fluxes measured in a different
energy range than the nominal one 10–1000 keV, therefore
we removed those five GRBs from our data sample. For all
remaining 2266 GRBs the galactic coordinates, T90 duration,
all peak fluxes and fluences are measured, hence all of them
(regardless of their duration, spectral properties, luminosity
or measured redshift) define the whole Fermi/GBM sample
and are used in our analysis.
3 https://heasarc.gsfc.nasa.gov/docs/cgro/cgro/
4 https://gammaray.nsstc.nasa.gov/batse/grb/catalog/current/
index.html
5 https://swift.gsfc.nasa.gov
6 https://swift.gsfc.nasa.gov/results/batgrbcat/index.html
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2.2 CGRO/BATSE sample
The BATSE Current Gamma-Ray Burst Catalog contains
2702 GRBs with the first burst on 1991/04/21, the last one
on 2000/05/26. The following observables from the catalog
are applied in our study:
• Galactic longitude l (◦), in the catalog denoted as LII.
• Galactic latitude b (◦), in the catalog denoted as BII.
• GRB duration T90 (s).
• Photon peak fluxes F64,B, F256,B , and F1024,B
(ph cm−2 s−1) on the 64-ms, 256-ms, and 1024-ms
timescales in the energy range of 50–300 keV and in the
catalog denoted as Flux 64, Flux 256, and Flux 1024,
respectively.
• Fluence S1 (erg cm
−2) is the time integrated flux over
the duration of the burst in the energy range of 20–
50 keV and in the catalog denoted as Fluence 1.
• Fluence S2 (erg cm
−2) is the time integrated flux over
the duration of the burst in the energy range of 50–
100 keV and in the catalog denoted as Fluence 2.
• Fluence S3 (erg cm
−2) is the time integrated flux over
the duration of the burst in the energy range of 100–
300 keV and in the catalog denoted as Fluence 3.
• Fluence S4 (erg cm
−2) is the time integrated flux over
the duration of the burst at energy >300 keV and in
the catalog denoted as Fluence 4.
For the sake of completeness, it should be mentioned
that not all of the above-mentioned observables are inde-
pendent (Bagoly et al. 1998, 2009; Borgonovo & Bjo¨rnsson
2006). The duration T50 is not investigated in this work be-
cause it strongly correlates with commonly used T90.
All 2702 GRBs in the catalog have measured galactic co-
ordinates l and b. The number of GRBs in this catalog with
a measured given observable is following: T90 (2037), F64,B
(2132), F256,B (2132), F1024,B (2132), S1 (2100), S2 (2118),
S3 (2127), and S4 (1752). If an observable is measured then
it is included in our analysis, therefore these are the sizes
of the whole CGRO/BATSE samples (no restriction is put
on the bursts’ duration, spectral properties, luminosity or
measured redshift).
2.3 Swift/BAT sample
The data sample of the Swift/BAT Gamma-Ray Burst Cat-
alog, which we use in this work, contains 1223 GRBs with
the first burst on 2004/12/17, the last one on 2018/05/14.
The following GRB observables from the catalog are applied
in our analysis:
• RA from the BAT refined position (J2000, deg), in the
catalog denoted as RA ground.
• DEC from the BAT refined position (J2000, deg), in
the catalog denoted as DEC ground. We converted RA
and DEC to the galactic longitude l (◦) and latitude b
(◦).
• GRB duration T90 (s).
• 1-s peak energy fluxes F1, F2, F3, F4, F5, F6, and
F7 (erg cm
−2 s−1) in the energy ranges of 15–25 keV,
25–50 keV, 50–100 keV, 100–150 keV, 100–350 keV, 15–
150 keV and, 15–350 keV, respectively.
• Fluences S1, S2, S3, S4, S5, S6, S7 (erg cm
−2) which
are the time integrated fluxes over the duration of the
whole burst T100 in the energy ranges of 15–25 keV,
25–50 keV, 50–100 keV, 100–150 keV, 100–350 keV, 15–
150 keV and, 15–350 keV, respectively.
Two spectral models, used for the calculation of the
energy fluxes and fluences, are given in the catalog: a simple
power-law model, and a cutoff power-law model. The best-
fit model was selected based on the record in the catalog. If
the information about the best-fit model was not available
then we selected the one with higher null probability of the
model as recorded in the catalog.
Eleven events from 1223 GRBs in the used data sample
are not localized, therefore we removed them from the anal-
ysis. One event GRB140716A was triggered twice (trigger
numbers 604793 and 604792). In order to avoid any mistake
related to the overall duration T90, fluxes and fluences, we
removed both triggers from the data sample. Therefore the
remaining number of GRBs with determined position in the
sample is 1210.
From this number of 1210 GRBs the number of bursts
with measured a given observable is following: T90 (1197);
F1, F2 and F4–F7 (1143); F3 (1142); S1–S7 (1177) and these
are the sizes of the whole Swift/BAT data samples (no other
restrictions were applied).
3 METHOD
Almost the same method, as proposed by Rˇ´ıpa & Shafieloo
(2017), is applied in this work. We refer the reader to that
paper to see details of the methodology. Here the method is
described only briefly.
Instead of examining the number density of GRBs on
the sky, as most of the previous studies did, the key idea
of this method is to analyze the sky distribution of the
properties of GRBs. Therefore our method do not test the
spatial distribution of GRBs. Since our method tests solely
the isotropy of the observed properties of GRBs, no conclu-
sion is drawn about their spatial distribution. For example,
the over-densities of GRBs claimed by Horva´th et al. (2014,
2015), i.e. the Hercules Corona Borealis Great Wall or the
Giant GRB Ring claimed by Bala´zs et al. (2015, 2018) or
the anisotropic distribution of very short GRBs claimed by
Cline et al. (2005); Ukwatta & Woz´niak (2016) cannot be
confirmed or rejected using this method.
In this article the method was slightly improved in order
to increase the sensitivity in the performed statistical tests.
Contrary to the original method, where the distributions
of a given measured GRB property from large number of
randomly spread patches on the sky were compared with a
distribution of the same GRB property for the whole sky,
herein we compare the distributions from the patches with
the distributions obtained from the complement area of that
patches. This methodology is based on the principles of the
crossing statistic applied in different aspects in cosmology
(Shafieloo et al. 2011; Colin et al. 2011; Shafieloo 2012a,b;
Akrami et al. 2014).
Four different test statistics are applied to measure the
differences between the distributions for a random patch and
its complement. In order to infer the significance of potential
anisotropies the obtained distributions of the test statistics
MNRAS 000, 1–15 (2019)
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derived from the measured data are compared with the dis-
tributions of the test statistics for randomly shuffled data.
This comparison of the measured data with the randomly
shuffled once means in essence comparison of the measured
data to the isotropically distributed hypothetical sample and
thus it is a principal step in this procedure. The null hy-
pothesis is that observed properties of GRBs are distributed
isotropically and we are testing against this null hypothesis.
Shortly the main steps of the used method are follow-
ing (for details see Rˇ´ıpa & Shafieloo (2017)). A thousand of
randomly distributed patches on the sky of a fixed radius r
is generated and afterwards their positions are kept fixed.
Let Gq(x) be the empirical distribution function of a given
tested observable x of GRBs (e.g. x = T90, S, F, etc.) in a
given patch (the number of GRBs in the patch is q and it
varies patch to patch). Let Fp(x) be the empirical distribu-
tion function of the same tested GRB observable x in the
complement area on the sky of the same patch (the number
of GRBs in that complement area is p and it naturally also
varies patch to patch).
Next, for each patch compare Gq(x) and Fp(x) by calcu-
lating four test statistics ξ = D, V, AD, or χ2, where D is
the statistic of the two-sample Kolmogorov–Smirnov (K–S)
test (Kolmogorov 1933; Smirnov 1939; Press et al. 2007),
V is the statistic of the two-sample Kuiper test (Kuiper
1960; Press et al. 2007), AD is the statistic of the two-sample
Anderson–Darling (A–D) test (Anderson & Darling 1952;
Darling 1957; Pettitt 1976), and χ2 is the statistic of the
two-sample Chi-square test (Press et al. 2007). In case of χ2
the frequencies in the binned data (with 10 number of bins)
of the two samples (containing logarithmic values log x) are
compared instead of the comparison of the empirical distri-
bution functions. For 1 000 patches one obtains a distribu-
tion of 1 000 values of ξm (superscript m denotes that the
quantity is related to the actual measured data sample).
In the next step the measured data sample is randomly
shuffled n = 1000 times, i.e. the values xi of each measure-
ment are randomly shuffled, however the measured positions
of GRBs {li, bi} are kept fixed. For each patch on the sky
the test statistic ξs is calculated comparing the distribu-
tion Gsq(x) of the shuffled data for GRBs in the given patch
and the distribution Fsp (x) for the patch’s complement area
(superscript s denotes that the quantity is related to the
randomly shuffled data). For each statistic ξ we derive the
limiting values ξs
5
, ξs
1
, and ξs
0
which delimit the highest 5%,
1%, and 0% of all ξs values from all patches in all randomly
shuffled data, respectively. The value ξs
0
is the maximum of
the ξs values.
Next, the distributions of a given statistic ξ for the
measured data and for all data shufflings are compared. Let
count the number of patches Nm
i
in the measured data for
which ξm > ξs
i
. The mean number of patches Ns
i
in the ran-
domly shuffled data for which ξs > ξs
i
is Ns
i
= 50 and 10
for i = 5 and 1, respectively. If Nm
i
is found to be much
higher than the average numbers Ns
i
then it could indicate
anisotropy in the measured data. One can calculate the prob-
ability (significance) PN
i
of finding at least Nm
i
number of
patches with ξs > ξs
i
in the randomly shuffled data as well.
This analysis is performed for several patch radii r =
20◦, 30◦, 40◦, 50◦, 60◦, for all tested GRB observables in our
data samples and for all four test statistics ξ = AD, D, V,
and χ2. Various patch radii are chosen to make the technique
sensitive to potential underlying structures of various sizes.
The variations in the GRB properties in a patch is limited
by the counting statistics and can be reduced by increasing
the patch size.
The routines KSTWO and KUIPERTWO of the IDL7
Astronomy Users library8 (Landsman 1993) for calculation
of the D and V statistics were used. For calculation of the
A–D statistic, our own code, written based on the adk 1.0-2
package 9 (Scholz 2012) of the R software10 (R Core Team
2013), was used.
4 RESULTS
This section covers the results obtained for all examined data
samples.
4.1 Results - Fermi/GBM
Tables 2–5 summarize the results of all tested fluxes, fluences
and duration of GRBs in the Fermi/GBM sample using
the Kolmogorov–Smirnov statistic D, Kuiper V , Anderson–
Darling AD, and Chi-square χ2 statistics, respectively.
For any of the test statistic, any radius nor any tested
GRB observable, the probabilities PN
i
never decreased below
5%. Also there is no case of a patch, of a given radius and
for a given tested GRB observable and given test statistic ξ
in the measured data which gives ξm higher than the highest
ξs
0
for patches of all random data shufflings.
The results applied on the Fermi/GBM sample are fully
consistent with isotropy confirming our previous findings.
4.2 Results - CGRO/BATSE
Tables 6–9 summarize the results of all tested fluxes, fluences
and duration of GRBs in the CGRO/BATSE sample using
the Kolmogorov–Smirnov statistic D, Kuiper V , Anderson–
Darling AD, and Chi-square χ2 statistics, respectively.
There was only one case from all the applied statistical
tests when the probability PN
i
decreased below 5%. It was
for the χ2 statistic, fluences S1, patch radii r = 20
◦ and i = 1.
The patch centers for which χ2 m, for the measured data, is
higher than χ2 s
1
obtained from the randomly shuffled data
and the significance PN
1
≤ 5% are shown in Fig. 1.
The mean number of patches Ns
1
in the randomly shuf-
fled data for which χ2 s > χ2 s
1
should be Ns
1
= 10 because we
applied 1000 sky patches. The actual measured data gives
Nm
1
= 28. The corresponding chance probability of finding at
least 28 patches on the sky with χ2 s > χ2 s
1
in the randomly
shuffled data is PN
1
= 4.1 %.
There is no case of a patch, of a given radius and for
a given tested GRB observable and given test statistic ξ in
7 http://www.harrisgeospatial.com/ProductsandSolutions/
GeospatialProducts/IDL.aspx
8 http://idlastro.gsfc.nasa.gov/
9 https://cran.r-project.org/src/contrib/Archive/adk/
10 https://www.r-project.org
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Figure 1. Plotted are the patch centers on the sky in Galactic
Coordinates (Aitoff projection), for which the χ2 m statistic, for
the measured data, is higher than χ2 s
1
obtained from the randomly
shuffled data and the significance PN
1
is below 5%. The tested
GRB property is fluences S1 of the CGRO/BATSE data sample
and the patch radii are r = 20◦. This is the only case in the
CGRO/BATSE sample, for which the significance PN
i
is below
5%.
the measured data which gives ξm higher than the highest
ξs
0
for patches of all random data shufflings.
In view of the fact that a large number of tests (eight
different GRB observables, five different path radii and two
different thresholds i = 1, 5) were applied, one occurrence of
PN
i
< 5% does not imply any significant anisotropy. There-
fore, the results applied on the CGRO/BATSE sample are
fully consistent with isotropy, as well.
4.3 Results - Swift/BAT
Tables 10–13 summarize the results of all tested fluxes, flu-
ences and duration of GRBs in the CGRO/BATSE sam-
ple using the Kolmogorov–Smirnov statistic D, Kuiper V,
Anderson–Darling AD, and Chi-square χ2 statistics, respec-
tively. Quantities in the columns have the same meaning as
in the previous Tables 2–9.
There were 18 cases with the chance probability PN
i
≤
5%, they are emphasized in boldface in the tables, and they
were obtained for duration T90 (patch radii r = 20
◦–60◦),
fluence S1 (r = 50
◦ and 60◦) and peak flux F2 (r = 40
◦ and
50◦). These are the cases for which the statistical properties
of GRBs are mostly deviated from the randomness. Fig. 2
shows the patch centers on the sky for which a given test
statistic ξm, for the measured data, is higher than ξs
i
ob-
tained from the randomly shuffled data and the significance
PN
i
≤ 5%.
The lowest chance probability obtained was for Chi-
square statistic, duration T90, patch radii r = 40
◦, and
threshold i = 5. The mean number of patches Ns
5
in the ran-
domly shuffled data for which χ2 s > χ2 s
5
should be Ns
5
= 50
because we applied 1000 sky patches. The actual measured
data gives Nm
5
= 136. The corresponding chance probability
of finding at least 136 patches on the sky with χ2 s > χ2 s
5
in
the randomly shuffled data is PN
5
= 1.7 %.
There is no case of a patch, of a given radius and for
a given tested GRB observable and given test statistic ξ in
the measured data which gives ξm higher than the highest
ξs
0
for patches of all random data shufflings.
5 DISCUSSION
Table 1 demonstrates how the signal of a feature found
in work Rˇ´ıpa & Shafieloo (2017) washed away with larger
Fermi/GBM data sample used in this work and shows that
the result do not point to any significant deviation from
isotropy.
In case of the results obtained for the Swift/BAT a
deeper discussion is needed. Eighteen tests gave the chance
probability PN
i
≤ 5%. Since we performed 600 statistical
tests (15 tested GRB observables, 5 patch radii, 4 test statis-
tics, and 2 limiting thresholds) it must be considered that
the number of trials is high. However, not all of the tests are
independent.
If we assume that there are n = 600 independent tests
(trials), with the probability of success in a single test p, one
can calculate the probability (p− value) of finding at least m
successes in all trials from the binomial test. For details see
for example Eq. (1) and (2) of Vavrek et al. (2008). From
Tables 10 – 13 one can see that we obtained m = 18 for
p ≤ 5%, m = 9 for p ≤ 3%, and m = 4 for p ≤ 2%. If we
assume that p = 5% then we obtain for m = 18, m = 9,
and m = 4 the following probabilities: p − value = 99.4%,
p − value = 99.4%, and p − value = 99.8%, respectively.
This is a coarse estimation because the tests are not in-
dependent. The number of independent tests (trials) is likely
tens.
We obtained that in one test the lowest chance probabil-
ity obtained was PN
5
= 1.7% (Chi-square statistic, duration
T90, and patch radii r = 40
◦). However, for example, if the
number of independent tests is 10 then for p = 1.7% the
p− value of the binomial test is 16%. If the number of inde-
pendent tests is 20 then the p − value = 29%. This suggests
that a chance probability in a single test of 1.7% is actually
much more likely to occur by chance in one of the many tests
used.
In order to estimate more precisely the chance proba-
bility of obtaining certain number of cases with PN
i
less or
equal a given limit, we performed 20 Monte Carlo (MC) sim-
ulations. In each simulation we randomly shuffled the values
of each observable in the measured database and then run
the whole analysis with this shuffled database instead of the
actual measured database. We obtained that in 17 out of 20
MC simulations there were m ≥ 18 number of tests giving
PN
i
≤ 5%. Therefore one can say that there is approximately
85% of chance probability of obtaining at least 18 times the
probability PN
i
≤ 5% among the performed 600 tests in the
isotropic randomized sample. We obtained the same per-
centage when we looked at the m ≥ 9 number of tests giving
PN
i
≤ 3% and when we looked at the m ≥ 4 number of tests
giving PN
i
≤ 2%. This is a key argument suggesting that
also the results obtained for the Swift/BAT data sample are
consistent with isotropy.
Fig. 2 shows the patch centres for which a given statis-
tic ξm, for the measured Swift/BAT data, is higher than ξs
i
obtained from the randomly shuffled data and the signifi-
cance PN
i
≤ 5%, where i=5 or 1. From that figure it can
appear that because of the clustering of these patch centers
these deviations might be real or due to systematic differ-
ences in how the distributions have been sampled. However,
nearby patches do not contain independent samples because
they have rather large radii and they overlap. If there are
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Table 1. Comparison of some most significant results of sev-
eral tests performed on the old (1591 GRBs in Rˇ´ıpa & Shafieloo
(2017)) and the new (2266 GRBs in this work) data samples of
Fermi/GBM for Kolmogorov–Smirnov statistic D and patch radii
r = 20◦ demonstrating how the signal of a feature found in work
Rˇ´ıpa & Shafieloo (2017) washed away with larger data sample.
old sample new sample
N
m
5
P
N
5
N
m
1
P
N
1
N
m
5
P
N
5
N
m
1
P
N
1
(%) (%) (%) (%)
F64 87 3.4 30 1.5 55 36.8 10 44.6
S 72 13.1 30 2.2 57 32.2 17 17.1
SB 74 11.5 31 1.4 52 43.7 17 17.9
randomly few GRBs with, for example, very high or low
flux close to each other then a bundle of nearby patches
will contain these GRBs and the distributions of fluxes in
all these patches will be affected. It is important to men-
tion that similar “clustering” is seen also for the results of
the MC simulations mentioned in the previous paragraph,
where the whole analysis was run with randomly shuffled
GRB properties in the catalog.
While discussing the results it should be mentioned that
some selection effects could effect the results, for example
the background variation on the sky or adjustment of the
on-board trigger setting throughout the mission. On the
other hand, since we found results consistent with isotropy
possible selection effects would need to cancel out potential
anisotropic features in the GRB properties.
6 CONCLUSIONS
We inspected the isotropy of the observed properties of
GRBs (not the distribution of their number density on the
sky) such as their duration, fluences and peak fluxes at vari-
ous energy bands and different time scales by a novel method
- in its original form proposed in our previous work - ap-
plied on three major GRB catalogs. The whole GRB sam-
ples containing bursts regardless of their duration, spectral
properties, luminosity or measured redshift, were used. The
conclusions are following:
(i) We slightly improved the sensitivity of the original
method proposed in work Rˇ´ıpa & Shafieloo (2017).
Contrary to the original method, where the distribu-
tions of a given measured GRB property from large
number of randomly spread patches on the sky were
compared with a distribution of the same GRB prop-
erty for the whole sky, herein we compare the distribu-
tions from the patches with the distributions obtained
from the complement area of that patches.
(ii) The method was applied to a considerably updated
whole Fermi/GBM data sample containing 2266 GRBs,
thus ∼ 40% larger than the sample investigated in
work Rˇ´ıpa & Shafieloo (2017). The signal of a feature
found in work Rˇ´ıpa & Shafieloo (2017) washed away
with larger data sample and the results are consistent
with isotropy confirming our previous conclusions.
(iii) The method was also applied to another large GRB
dataset, the BATSE Current GRB Catalog of the
CGRO satellite, which contains ∼ 2000 bursts. The re-
sults based on the whole samples are consistent with
isotropy as well.
(iv) The last investigated whole GRB data sample is
the Swift/BAT Gamma-Ray Burst Catalog contain-
ing ∼ 1200 bursts. The localization accuracy of the
Swift/BAT instrument is significantly better, ∼ 2 ar-
cmin compared to few degrees of Fermi/GBM or
CGRO/BATSE. Therefore investigation of this sample
is beneficial, too. The results are also consistent with
isotropy.
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Figure 2. Plotted are the patch centers on the sky in Galactic Coordinates (Aitoff projection), for which the statistical properties of
GRBs are mostly deviated from the randomness in the Swift/BAT data sample. The combined results for different statistics ξ = D, AD, or
χ2: Kolmogorov–Smirnov’s D (crosses), Anderson–Darling’s AD (diamonds), or Chi-square χ2 (pluses) are marked. The markers denote
the centers of the patches for which a given statistic ξm, for the measured data, is higher than ξ s
i
obtained from the randomly shuffled
data and the significance PN
i
≤ 5%, where i=5 or 1. The size of the markers is inverse proportional to the probability PN
i
. Different colors
mean different properties of GRBs being tested. In different panels the results are plotted separately for different patch radii r and for
different i.
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Table 2. Results using the Kolmogorov–Smirnov statistic D for
the Fermi/GBM sample.
Obs. r∗ Ds
5
†
N
m
5
‡
P
N
5
#
D
s
1
†
N
m
1
‡
P
N
1
#
D
s
0
†
D
m
0
§
(◦) (%) (%)
T90 20 0.17 70 15.8 0.20 13 29.4 0.36 0.27
T90 30 0.11 66 25.9 0.14 10 37.7 0.22 0.18
T90 40 0.09 78 20.5 0.11 22 15.0 0.18 0.12
T90 50 0.07 95 14.4 0.09 11 26.9 0.14 0.10
T90 60 0.07 93 16.8 0.08 4 42.4 0.12 0.08
S 20 0.17 57 32.2 0.20 17 17.1 0.33 0.25
S 30 0.11 56 35.0 0.14 17 21.0 0.23 0.15
S 40 0.09 34 59.6 0.11 2 67.9 0.18 0.11
S 50 0.07 38 49.9 0.09 2 61.1 0.14 0.09
S 60 0.07 46 38.7 0.08 1 64.5 0.13 0.08
SB 20 0.17 52 43.7 0.20 17 17.9 0.33 0.24
SB 30 0.11 47 47.9 0.14 15 23.8 0.22 0.16
SB 40 0.09 43 49.7 0.11 2 70.6 0.18 0.11
SB 50 0.07 50 37.0 0.09 8 33.8 0.16 0.10
SB 60 0.07 57 32.3 0.08 7 32.0 0.12 0.08
F64 20 0.17 55 36.8 0.20 10 44.6 0.34 0.24
F64 30 0.11 63 28.1 0.14 17 20.4 0.23 0.16
F64 40 0.09 58 31.8 0.11 6 48.8 0.16 0.11
F64 50 0.07 37 50.1 0.09 3 52.6 0.14 0.09
F64 60 0.07 47 37.8 0.08 2 50.6 0.13 0.08
F256 20 0.17 43 61.6 0.20 11 38.4 0.34 0.25
F256 30 0.11 57 34.7 0.14 20 14.3 0.23 0.18
F256 40 0.09 85 15.3 0.11 30 7.7 0.17 0.13
F256 50 0.07 94 16.8 0.09 16 20.4 0.14 0.10
F256 60 0.07 91 16.7 0.08 1 63.3 0.12 0.08
F1024 20 0.17 32 83.3 0.20 9 48.6 0.35 0.24
F1024 30 0.11 36 64.4 0.14 11 34.1 0.24 0.17
F1024 40 0.09 29 66.6 0.11 1 81.4 0.17 0.11
F1024 50 0.07 27 58.7 0.09 0 100.0 0.15 0.09
F1024 60 0.07 25 59.8 0.08 0 100.0 0.12 0.08
F64,B 20 0.17 48 50.6 0.20 9 49.0 0.40 0.22
F64,B 30 0.11 40 59.0 0.14 5 61.2 0.26 0.16
F64,B 40 0.09 42 49.3 0.11 9 35.1 0.17 0.12
F64,B 50 0.07 40 47.4 0.09 3 53.1 0.14 0.09
F64,B 60 0.07 19 65.2 0.08 4 38.7 0.13 0.09
F256,B 20 0.17 33 81.1 0.20 5 72.4 0.36 0.21
F256,B 30 0.11 23 82.2 0.14 3 69.5 0.24 0.15
F256,B 40 0.09 19 79.7 0.11 1 77.1 0.17 0.11
F256,B 50 0.07 16 79.4 0.09 2 63.0 0.16 0.09
F256,B 60 0.07 13 73.4 0.08 4 42.4 0.12 0.08
F1024,B 20 0.17 29 86.6 0.20 2 91.7 0.33 0.20
F1024,B 30 0.11 26 78.3 0.14 0 100.0 0.24 0.13
F1024,B 40 0.09 8 95.0 0.11 0 100.0 0.18 0.09
F1024,B 50 0.07 27 61.5 0.09 0 100.0 0.14 0.09
F1024,B 60 0.07 17 68.0 0.08 1 65.1 0.13 0.08
∗
r are the radii of the patches.
†
D
s
5
, Ds
1
, and Ds
0
delimit the highest 5%, 1%, and the maximum
of all Ds values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which
D
m > Ds
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with Ds > Ds
i
in the randomly shuffled data, where i=5 or 1.
§
D
m
0
is the maximum value of the statistic in the measured data.
Table 3. Results using the Kuiper statistic V for the Fermi/GBM
sample.
Obs. r∗ V s
5
†
N
m
5
‡
P
N
5
#
V
s
1
†
N
m
1
‡
P
N
1
#
V
s
0
†
V
m
0
§
(◦) (%) (%)
T90 20 0.21 70 14.4 0.25 19 11.8 0.38 0.31
T90 30 0.15 88 9.2 0.17 21 13.1 0.26 0.20
T90 40 0.11 98 11.2 0.13 15 24.7 0.20 0.14
T90 50 0.09 114 8.8 0.11 16 20.5 0.16 0.12
T90 60 0.08 86 18.3 0.10 6 38.0 0.14 0.10
S 20 0.21 42 65.9 0.25 9 50.3 0.38 0.28
S 30 0.15 33 72.2 0.17 6 57.8 0.26 0.18
S 40 0.11 6 97.6 0.13 0 100.0 0.20 0.12
S 50 0.09 4 96.2 0.11 0 100.0 0.16 0.10
S 60 0.08 5 91.6 0.10 0 100.0 0.15 0.09
SB 20 0.21 47 55.4 0.25 6 69.4 0.37 0.28
SB 30 0.15 34 70.3 0.17 5 63.6 0.25 0.19
SB 40 0.11 12 90.4 0.13 0 100.0 0.21 0.12
SB 50 0.09 13 82.8 0.11 1 72.7 0.17 0.11
SB 60 0.08 17 69.8 0.10 0 100.0 0.14 0.09
F64 20 0.21 57 33.5 0.25 10 44.7 0.39 0.28
F64 30 0.15 67 24.0 0.17 14 25.8 0.26 0.20
F64 40 0.11 66 26.9 0.13 19 16.6 0.19 0.14
F64 50 0.09 32 56.3 0.11 1 70.8 0.16 0.11
F64 60 0.08 53 34.0 0.10 3 51.4 0.14 0.10
F256 20 0.21 42 66.7 0.25 6 70.5 0.39 0.27
F256 30 0.15 56 35.7 0.17 15 24.1 0.26 0.19
F256 40 0.11 65 26.2 0.13 12 30.8 0.19 0.14
F256 50 0.09 50 39.6 0.11 1 75.9 0.16 0.11
F256 60 0.08 40 44.3 0.10 0 100.0 0.14 0.09
F1024 20 0.21 35 79.5 0.25 9 50.0 0.36 0.29
F1024 30 0.15 26 82.8 0.17 7 54.0 0.25 0.19
F1024 40 0.11 10 93.8 0.13 3 65.7 0.21 0.14
F1024 50 0.10 4 94.7 0.11 0 100.0 0.16 0.10
F1024 60 0.08 2 96.3 0.10 0 100.0 0.14 0.09
F64,B 20 0.21 54 39.2 0.25 13 29.2 0.40 0.27
F64,B 30 0.15 26 82.6 0.17 5 64.2 0.30 0.20
F64,B 40 0.11 41 52.4 0.13 5 52.8 0.21 0.14
F64,B 50 0.09 16 77.3 0.11 2 63.7 0.16 0.11
F64,B 60 0.08 5 90.3 0.10 0 100.0 0.15 0.09
F256,B 20 0.21 43 60.7 0.25 5 76.4 0.39 0.27
F256,B 30 0.15 24 84.0 0.17 2 81.8 0.26 0.20
F256,B 40 0.11 28 69.6 0.13 1 82.2 0.21 0.14
F256,B 50 0.09 8 89.9 0.11 1 74.1 0.17 0.11
F256,B 60 0.08 5 90.0 0.10 0 100.0 0.15 0.09
F1024,B 20 0.21 25 94.2 0.25 4 83.4 0.40 0.26
F1024,B 30 0.15 26 82.1 0.17 1 93.6 0.27 0.17
F1024,B 40 0.11 18 83.1 0.13 1 83.4 0.20 0.14
F1024,B 50 0.09 10 87.7 0.11 0 100.0 0.16 0.10
F1024,B 60 0.08 9 85.2 0.10 0 100.0 0.14 0.09
∗
r are the radii of the patches.
†
V
s
5
, V s
1
, and V s
0
delimit the highest 5%, 1%, and the maximum
of all V s values from all patches in all shuffled data.
‡
N
m
i is the number of patches in the measured data for which
V
m > V s
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with V s > V s
i
in the randomly shuffled data, where i=5 or 1.
§
V
m
0
is the maximum value of the statistic in the measured data.
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Table 4. Results using the Anderson–Darling statistic AD for
the Fermi/GBM sample.
Obs. r∗ ADs
5
†
N
m
5
‡
P
N
5
#
AD
s
1
†
N
m
1
‡
P
N
1
#
AD
s
0
†
AD
m
0
§
(◦) (%) (%)
T90 20 2.51 59 32.0 3.91 9 48.7 11.52 5.49
T90 30 2.50 70 24.3 3.91 17 21.4 12.35 5.97
T90 40 2.49 101 10.9 3.86 18 19.7 10.91 5.15
T90 50 2.50 110 10.8 3.90 28 11.5 11.87 6.39
T90 60 2.46 116 11.6 3.84 11 25.0 10.83 5.65
S 20 2.51 54 38.2 3.92 13 28.7 11.34 5.03
S 30 2.49 68 23.6 3.87 16 22.5 12.10 4.60
S 40 2.50 60 31.5 3.92 7 39.6 12.80 4.71
S 50 2.51 81 21.0 3.90 18 19.5 11.75 5.82
S 60 2.47 86 19.2 3.82 15 19.5 14.62 5.07
SB 20 2.50 48 49.6 3.91 7 58.5 12.72 4.51
SB 30 2.51 58 34.8 3.88 12 32.7 12.10 4.61
SB 40 2.47 52 40.7 3.83 5 48.9 13.51 4.30
SB 50 2.47 80 21.3 3.84 16 20.0 14.03 5.55
SB 60 2.47 74 24.6 3.84 9 27.5 11.48 4.75
F64 20 2.50 43 59.9 3.88 13 30.7 12.25 5.33
F64 30 2.48 54 38.2 3.86 11 33.5 13.12 5.13
F64 40 2.45 43 49.5 3.77 5 50.1 11.33 4.83
F64 50 2.47 43 43.8 3.83 6 37.6 10.99 4.73
F64 60 2.56 42 39.3 4.02 4 36.8 11.03 4.41
F256 20 2.50 27 90.2 3.88 4 80.4 12.51 4.26
F256 30 2.51 42 54.0 3.93 8 43.7 13.12 4.54
F256 40 2.50 47 41.7 3.90 2 65.6 13.25 4.48
F256 50 2.51 55 35.0 3.88 5 40.8 10.75 4.65
F256 60 2.48 54 34.9 3.85 3 45.7 12.32 4.07
F1024 20 2.49 28 86.9 3.88 0 100.0 11.91 3.66
F1024 30 2.49 28 73.2 3.90 3 68.5 10.65 4.26
F1024 40 2.46 17 82.4 3.78 0 100.0 11.72 3.65
F1024 50 2.52 30 55.2 3.95 0 100.0 12.21 3.80
F1024 60 2.48 30 51.0 3.84 0 100.0 11.44 3.63
F64,B 20 2.50 68 19.5 3.90 19 13.6 13.81 4.94
F64,B 30 2.51 82 15.5 3.90 19 16.7 13.65 5.98
F64,B 40 2.49 66 29.0 3.89 14 25.0 11.81 6.83
F64,B 50 2.46 49 39.5 3.80 3 51.5 11.31 4.85
F64,B 60 2.47 29 51.5 3.83 3 42.9 11.25 4.50
F256,B 20 2.51 62 27.1 3.92 15 23.1 13.14 5.53
F256,B 30 2.51 66 27.2 3.94 16 23.4 12.42 5.44
F256,B 40 2.51 43 46.7 3.92 7 39.6 14.25 4.88
F256,B 50 2.46 30 58.2 3.84 1 66.5 12.22 3.95
F256,B 60 2.46 20 61.1 3.82 1 57.0 11.20 4.08
F1024,B 20 2.48 45 55.9 3.84 4 76.1 11.20 4.14
F1024,B 30 2.50 42 54.2 3.90 5 56.9 11.23 4.23
F1024,B 40 2.48 14 85.7 3.86 0 100.0 10.22 3.31
F1024,B 50 2.51 16 73.3 3.93 0 100.0 12.33 3.55
F1024,B 60 2.49 9 76.4 3.86 0 100.0 13.27 3.40
∗
r are the radii of the patches.
†
AD
s
5
, ADs
1
, and ADs
0
delimit the highest 5%, 1%, and the max-
imum of all ADs values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which
AD
m > ADs
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with ADs > ADs
i
in the randomly shuffled data, where i=5 or 1.
§
AD
m
0
is the maximum value of the statistic in the measured
data.
Table 5. Results using the χ2 statistic for the Fermi/GBM sam-
ple.
Obs. r∗ χ2 s
5
†
N
m
5
‡
P
N
5
# χ2 s
1
†
N
m
1
‡
P
N
1
# χ2 s
0
† χ2 m
0
§
(◦) (%) (%)
T90 20 20.49 32 95.7 42.28 13 32.1 105.65 50.59
T90 30 20.70 69 16.9 27.35 17 21.9 72.21 32.31
T90 40 17.99 77 18.5 23.39 23 14.0 64.98 28.85
T90 50 17.04 85 17.0 21.97 10 31.6 47.40 26.14
T90 60 16.66 56 34.6 21.22 4 46.6 40.71 23.59
S 20 18.12 34 92.8 41.07 2 84.0 81.36 46.37
S 30 19.40 22 93.7 25.50 5 61.7 52.10 26.90
S 40 16.60 11 93.7 21.71 0 100.0 63.67 21.22
S 50 15.61 6 92.9 20.28 0 100.0 44.25 17.27
S 60 15.37 5 89.3 19.88 0 100.0 44.48 18.41
SB 20 33.68 42 79.1 45.10 6 62.5 109.56 48.03
SB 30 21.95 43 62.1 28.85 2 73.2 67.15 31.43
SB 40 18.59 5 98.1 24.02 0 100.0 49.99 21.87
SB 50 17.17 3 97.2 21.96 0 100.0 42.69 19.36
SB 60 16.54 6 87.0 21.00 0 100.0 57.53 18.05
F64 20 33.16 31 94.1 44.06 5 66.1 108.67 57.29
F64 30 20.97 22 89.5 28.75 1 75.9 88.29 30.85
F64 40 17.50 14 87.2 23.15 0 100.0 48.12 20.18
F64 50 15.74 5 94.1 20.39 0 100.0 41.88 17.77
F64 60 15.02 21 67.4 19.42 0 100.0 37.39 18.95
F256 20 25.19 39 81.0 43.65 2 80.6 133.79 47.40
F256 30 21.30 22 89.3 29.75 0 100.0 78.30 29.64
F256 40 18.59 19 81.6 24.82 3 55.5 59.53 27.47
F256 50 17.35 20 75.0 22.45 1 71.6 44.54 22.99
F256 60 16.76 19 68.0 21.40 0 100.0 38.42 20.94
F1024 20 33.70 37 87.8 45.40 14 28.5 114.66 63.17
F1024 30 22.22 32 79.9 29.80 2 70.3 63.86 30.60
F1024 40 18.76 18 83.2 24.77 0 100.0 53.46 21.07
F1024 50 17.21 1 97.7 22.17 0 100.0 46.48 17.58
F1024 60 16.48 12 79.1 21.05 1 65.4 39.61 24.08
F64,B 20 36.67 28 92.6 47.23 4 70.7 127.40 52.94
F64,B 30 23.16 10 98.4 32.45 1 77.5 63.47 33.03
F64,B 40 19.53 16 88.0 25.52 0 100.0 52.68 23.94
F64,B 50 17.23 10 88.5 22.08 0 100.0 45.86 19.08
F64,B 60 16.31 13 78.1 20.75 0 100.0 39.04 18.13
F256,B 20 36.94 39 76.8 47.83 7 56.1 137.68 53.18
F256,B 30 23.16 19 91.0 33.37 0 100.0 84.43 32.85
F256,B 40 19.60 15 87.9 25.69 0 100.0 51.59 24.00
F256,B 50 17.31 4 94.8 22.29 0 100.0 48.37 18.07
F256,B 60 16.27 11 81.8 20.75 0 100.0 42.27 19.08
F1024,B 20 37.92 41 69.5 48.09 0 100.0 148.32 47.15
F1024,B 30 23.51 13 96.4 34.11 0 100.0 70.19 28.01
F1024,B 40 19.95 18 85.2 25.87 0 100.0 67.27 23.59
F1024,B 50 17.32 22 73.2 22.07 5 45.0 44.24 23.94
F1024,B 60 16.00 31 55.6 20.05 4 45.2 41.04 20.88
∗
r are the radii of the patches.
† χ2 s
5
, χ2 s
1
, and χ2 s
0
delimit the highest 5%, 1%, and the maximum
of all χ2 s values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which
χ2 m > χ2 s
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with χ2 s > χ2 s
i
in the randomly shuffled data, where i=5 or 1.
§ χ2 m
0
is the maximum value of the statistic in the measured data.
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Table 6. Results using the Kolmogorov–Smirnov statistic D for
the CGRO/BATSE sample.
Obs. r∗ Ds
5
†
N
m
5
‡
P
N
5
#
D
s
1
†
N
m
1
‡
P
N
1
#
D
s
0
†
D
m
0
§
(◦) (%) (%)
T90 20 0.18 48 49.4 0.21 3 85.1 0.44 0.25
T90 30 0.12 29 77.1 0.14 8 45.2 0.23 0.17
T90 40 0.09 23 74.4 0.11 2 71.6 0.17 0.12
T90 50 0.08 28 60.6 0.09 5 44.0 0.17 0.10
T90 60 0.07 11 74.1 0.08 0 100.0 0.13 0.07
S1 20 0.17 60 27.2 0.21 12 33.8 0.36 0.27
S1 30 0.12 66 26.8 0.14 8 46.1 0.25 0.16
S1 40 0.09 39 53.1 0.11 6 47.9 0.17 0.12
S1 50 0.08 32 54.9 0.09 5 42.2 0.15 0.10
S1 60 0.07 13 72.5 0.08 2 52.4 0.13 0.09
S2 20 0.17 34 79.0 0.21 8 54.9 0.38 0.24
S2 30 0.12 26 81.6 0.14 4 68.7 0.23 0.16
S2 40 0.09 14 86.6 0.11 1 79.3 0.19 0.11
S2 50 0.08 7 89.7 0.09 0 100.0 0.15 0.08
S2 60 0.07 8 84.1 0.08 0 100.0 0.13 0.08
S3 20 0.17 35 78.6 0.21 6 68.6 0.35 0.24
S3 30 0.12 27 79.1 0.14 1 88.7 0.23 0.16
S3 40 0.09 13 86.8 0.11 0 100.0 0.19 0.11
S3 50 0.08 8 87.0 0.09 0 100.0 0.15 0.09
S3 60 0.07 5 88.9 0.08 0 100.0 0.13 0.08
S4 20 0.19 34 80.8 0.23 7 60.7 0.39 0.28
S4 30 0.13 44 50.8 0.16 7 49.0 0.27 0.18
S4 40 0.10 25 71.8 0.12 1 80.5 0.20 0.12
S4 50 0.08 10 86.5 0.10 1 73.5 0.16 0.11
S4 60 0.07 22 63.2 0.09 0 100.0 0.16 0.08
F64,B 20 0.17 27 88.7 0.21 1 97.4 0.36 0.21
F64,B 30 0.12 23 84.6 0.14 3 73.1 0.24 0.15
F64,B 40 0.09 26 69.3 0.11 1 77.9 0.18 0.11
F64,B 50 0.08 1 98.7 0.09 0 100.0 0.17 0.08
F64,B 60 0.07 3 93.2 0.08 0 100.0 0.13 0.07
F256,B 20 0.17 14 99.6 0.21 0 100.0 0.44 0.21
F256,B 30 0.12 20 87.6 0.14 5 59.2 0.23 0.15
F256,B 40 0.09 17 81.9 0.11 5 52.3 0.19 0.12
F256,B 50 0.08 1 98.6 0.09 0 100.0 0.17 0.08
F256,B 60 0.07 3 92.6 0.08 0 100.0 0.13 0.07
F1024,B 20 0.17 24 94.0 0.21 3 86.6 0.36 0.22
F1024,B 30 0.12 16 93.3 0.14 3 73.3 0.23 0.16
F1024,B 40 0.09 29 65.8 0.11 4 54.8 0.19 0.12
F1024,B 50 0.08 5 92.2 0.09 0 100.0 0.14 0.08
F1024,B 60 0.07 7 87.4 0.08 0 100.0 0.13 0.08
∗
r are the radii of the patches.
†
D
s
5
, Ds
1
, and Ds
0
delimit the highest 5%, 1%, and the maximum
of all Ds values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which
D
m > Ds
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with Ds > Ds
i
in the randomly shuffled data, where i=5 or 1.
§
D
m
0
is the maximum value of the statistic in the measured data.
Table 7. Results using the Kuiper statistic V for the
CGRO/BATSE sample.
Obs. r∗ V s
5
†
N
m
5
‡
P
N
5
#
V
s
1
†
N
m
1
‡
P
N
1
#
V
s
0
†
V
m
0
§
(◦) (%) (%)
T90 20 0.23 26 92.9 0.26 3 89.2 0.49 0.28
T90 30 0.15 13 96.8 0.18 1 92.7 0.27 0.18
T90 40 0.12 1 99.6 0.14 0 100.0 0.21 0.12
T90 50 0.10 1 98.5 0.12 0 100.0 0.17 0.10
T90 60 0.09 3 93.0 0.10 0 100.0 0.15 0.10
S1 20 0.22 60 25.8 0.26 11 38.6 0.41 0.31
S1 30 0.15 59 31.9 0.17 10 38.9 0.26 0.20
S1 40 0.12 32 65.2 0.14 1 82.5 0.20 0.14
S1 50 0.10 23 68.0 0.11 0 100.0 0.18 0.11
S1 60 0.09 7 86.4 0.10 0 100.0 0.15 0.10
S2 20 0.22 34 80.6 0.26 12 33.8 0.45 0.29
S2 30 0.15 15 96.3 0.17 1 93.1 0.26 0.18
S2 40 0.12 16 87.7 0.13 1 84.0 0.20 0.14
S2 50 0.10 5 93.6 0.11 0 100.0 0.18 0.11
S2 60 0.09 1 96.9 0.10 0 100.0 0.14 0.09
S3 20 0.22 49 49.5 0.25 7 65.2 0.39 0.27
S3 30 0.15 47 48.8 0.17 7 52.5 0.30 0.19
S3 40 0.12 30 66.1 0.13 1 82.5 0.20 0.14
S3 50 0.10 23 69.6 0.11 1 75.6 0.16 0.11
S3 60 0.09 8 83.8 0.10 0 100.0 0.14 0.09
S4 20 0.24 42 63.6 0.28 10 43.5 0.45 0.35
S4 30 0.17 48 48.4 0.19 4 71.3 0.33 0.20
S4 40 0.13 36 60.0 0.15 0 100.0 0.21 0.15
S4 50 0.11 57 33.0 0.12 2 65.8 0.20 0.13
S4 60 0.09 74 24.5 0.11 3 52.2 0.17 0.11
F64,B 20 0.22 37 73.8 0.25 4 82.2 0.41 0.30
F64,B 30 0.15 37 64.7 0.17 6 58.3 0.28 0.19
F64,B 40 0.12 25 74.2 0.13 7 45.9 0.20 0.16
F64,B 50 0.10 23 67.0 0.11 2 62.9 0.17 0.12
F64,B 60 0.09 6 88.0 0.10 0 100.0 0.15 0.10
F256,B 20 0.22 17 98.5 0.25 4 82.9 0.44 0.28
F256,B 30 0.15 25 83.6 0.17 5 64.0 0.26 0.19
F256,B 40 0.12 37 56.4 0.13 10 34.2 0.20 0.15
F256,B 50 0.10 21 71.9 0.11 1 74.2 0.17 0.11
F256,B 60 0.09 5 89.8 0.10 0 100.0 0.14 0.10
F1024,B 20 0.22 35 79.7 0.25 4 81.9 0.39 0.26
F1024,B 30 0.15 19 92.8 0.17 0 100.0 0.26 0.17
F1024,B 40 0.12 35 58.1 0.13 3 63.1 0.20 0.14
F1024,B 50 0.10 10 86.1 0.11 0 100.0 0.16 0.10
F1024,B 60 0.09 3 94.7 0.10 0 100.0 0.14 0.09
∗
r are the radii of the patches.
†
V
s
5
, V s
1
, and V s
0
delimit the highest 5%, 1%, and the maximum
of all V s values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which
V
m > V s
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with V s > V s
i
in the randomly shuffled data, where i=5 or 1.
§
V
m
0
is the maximum value of the statistic in the measured data.
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Table 8. Results using the Anderson–Darling statistic AD for
the CGRO/BATSE sample.
Obs. r∗ ADs
5
†
N
m
5
‡
P
N
5
#
AD
s
1
†
N
m
1
‡
P
N
1
#
AD
s
0
†
AD
m
0
§
(◦) (%) (%)
T90 20 2.51 49 47.2 3.90 15 23.8 11.95 5.34
T90 30 2.48 53 40.0 3.85 10 37.8 13.49 6.08
T90 40 2.52 62 30.3 3.91 12 26.9 12.31 6.71
T90 50 2.49 52 36.1 3.84 19 18.1 11.69 5.66
T90 60 2.50 48 37.7 3.89 2 48.4 14.28 4.01
S1 20 2.49 42 62.5 3.87 10 43.5 11.71 5.92
S1 30 2.49 64 28.2 3.88 6 55.3 11.19 4.92
S1 40 2.48 52 38.3 3.86 15 24.2 11.57 4.97
S1 50 2.46 44 41.3 3.86 4 43.2 11.57 4.69
S1 60 2.46 24 56.8 3.84 0 100.0 11.78 3.83
S2 20 2.50 28 85.2 3.90 3 84.3 12.37 4.33
S2 30 2.48 24 80.6 3.86 2 76.9 12.41 4.38
S2 40 2.51 19 77.3 3.94 1 72.8 12.66 3.96
S2 50 2.56 10 80.8 4.03 0 100.0 13.54 3.94
S2 60 2.49 7 80.5 3.90 0 100.0 11.17 3.64
S3 20 2.49 24 92.3 3.85 0 100.0 12.22 3.68
S3 30 2.50 13 94.6 3.89 2 76.7 11.91 4.26
S3 40 2.50 15 82.7 3.89 0 100.0 11.78 3.55
S3 50 2.51 4 91.4 3.94 0 100.0 10.93 3.16
S3 60 2.51 6 83.4 3.91 0 100.0 11.62 3.23
S4 20 2.48 39 69.2 3.85 8 52.0 12.05 5.14
S4 30 2.51 30 70.1 3.89 2 77.6 14.17 4.97
S4 40 2.51 13 86.6 3.93 0 100.0 12.05 3.40
S4 50 2.46 22 66.4 3.77 2 57.9 12.19 5.63
S4 60 2.47 30 51.3 3.82 3 44.0 19.49 4.57
F64,B 20 2.48 19 95.9 3.84 5 71.7 12.79 5.30
F64,B 30 2.50 17 89.0 3.89 1 85.5 11.76 4.80
F64,B 40 2.50 10 88.7 3.89 0 100.0 12.81 3.43
F64,B 50 2.50 2 96.3 3.88 0 100.0 15.12 3.31
F64,B 60 2.45 0 100.0 3.82 0 100.0 13.20 2.17
F256,B 20 2.48 14 98.6 3.86 1 97.5 12.68 4.28
F256,B 30 2.46 12 94.2 3.86 1 87.3 11.76 3.86
F256,B 40 2.52 8 91.2 3.93 0 100.0 12.07 3.34
F256,B 50 2.46 2 95.7 3.83 0 100.0 12.62 2.64
F256,B 60 2.53 0 100.0 3.94 0 100.0 10.88 2.38
F1024,B 20 2.48 20 95.9 3.87 2 91.3 12.27 4.40
F1024,B 30 2.49 9 97.5 3.85 0 100.0 10.83 3.60
F1024,B 40 2.49 8 93.9 3.88 0 100.0 10.95 3.60
F1024,B 50 2.51 0 100.0 3.87 0 100.0 10.13 2.42
F1024,B 60 2.45 4 87.2 3.76 0 100.0 10.44 2.83
∗
r are the radii of the patches.
†
AD
s
5
, ADs
1
, and ADs
0
delimit the highest 5%, 1%, and the max-
imum of all ADs values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which
AD
m > ADs
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with ADs > ADs
i
in the randomly shuffled data, where i=5 or 1.
§
AD
m
0
is the maximum value of the statistic in the measured
data.
Table 9. Results using the χ2 statistic for the CGRO/BATSE
sample.
Obs. r∗ χ2 s
5
†
N
m
5
‡
P
N
5
# χ2 s
1
†
N
m
1
‡
P
N
1
# χ2 s
0
† χ2 m
0
§
(◦) (%) (%)
T90 20 19.96 49 50.2 42.36 2 85.1 88.46 47.29
T90 30 20.51 39 70.1 26.81 0 100.0 61.83 26.57
T90 40 17.96 32 67.7 23.17 2 72.8 51.97 29.02
T90 50 16.91 55 36.6 21.72 9 35.8 51.18 26.94
T90 60 16.84 53 37.6 21.54 11 28.1 44.06 26.19
S1 20 33.57 64 10.4 45.69 28 4.1 116.00 60.63
S1 30 22.14 45 57.0 29.06 1 83.7 65.88 37.37
S1 40 18.65 49 45.6 24.18 1 75.7 56.58 25.45
S1 50 17.25 22 72.6 22.11 2 63.9 44.27 23.50
S1 60 16.35 14 75.2 20.83 0 100.0 42.01 19.38
S2 20 19.84 51 43.9 42.51 7 57.8 95.91 52.74
S2 30 20.55 51 47.4 26.87 18 20.0 66.60 38.67
S2 40 17.90 34 64.8 23.25 1 79.6 56.88 24.04
S2 50 17.18 11 85.7 22.07 2 61.9 44.57 22.89
S2 60 16.80 6 89.0 21.46 0 100.0 44.25 20.78
S3 20 34.22 44 70.1 45.80 7 56.0 108.51 54.62
S3 30 22.16 37 72.2 29.74 0 100.0 68.47 27.49
S3 40 18.76 29 70.6 24.42 5 50.1 57.26 27.34
S3 50 17.04 18 77.1 21.85 1 71.3 54.06 22.00
S3 60 16.60 7 85.7 21.32 0 100.0 46.89 18.89
S4 20 25.57 54 36.6 43.32 12 36.5 130.70 52.48
S4 30 21.40 33 77.1 30.03 0 100.0 87.01 28.08
S4 40 18.47 20 81.3 24.71 5 51.2 63.35 28.37
S4 50 17.11 11 87.3 22.09 1 72.2 44.20 23.15
S4 60 16.48 8 85.8 21.04 0 100.0 45.55 18.27
F64,B 20 24.26 46 61.0 42.58 17 20.7 127.07 53.21
F64,B 30 20.69 38 70.1 28.55 6 48.0 64.22 38.23
F64,B 40 18.47 4 97.6 24.40 0 100.0 51.31 20.00
F64,B 50 17.19 1 99.5 22.00 0 100.0 46.10 18.04
F64,B 60 16.69 2 95.0 21.35 0 100.0 42.09 17.15
F256,B 20 33.23 64 9.6 45.06 14 27.8 109.81 50.47
F256,B 30 21.96 56 38.8 28.81 9 38.8 64.38 41.89
F256,B 40 18.62 29 71.1 24.01 4 59.2 49.85 27.44
F256,B 50 17.02 15 82.3 21.67 0 100.0 45.59 20.03
F256,B 60 16.51 6 88.6 21.01 0 100.0 41.40 20.44
F1024,B 20 24.35 39 82.8 42.74 8 52.3 116.66 48.44
F1024,B 30 20.93 37 70.7 29.22 4 54.1 67.22 33.24
F1024,B 40 18.42 32 65.6 24.26 2 66.1 48.56 25.71
F1024,B 50 17.17 29 64.5 21.98 6 44.6 50.16 24.46
F1024,B 60 16.72 33 53.0 21.18 0 100.0 40.57 20.05
∗
r are the radii of the patches.
† χ2 s
5
, χ2 s
1
, and χ2 s
0
delimit the highest 5%, 1%, and the maximum
of all χ2 s values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which
χ2 m > χ2 s
i
, where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches
with χ2 s > χ2 s
i
in the randomly shuffled data, where i=5 or 1.
The case with PN
1
≤ 5% is emphasized in boldface.
§ χ2 m
0
is the maximum value of the statistic in the measured data.
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Table 10. Results using the Kolmogorov–Smirnov statistic D for
the Swift/BAT sample.
Obs. r Ds
5
N
m
5
P
N
5
D
s
1
N
m
1
P
N
1
D
s
0
D
m
0
(◦) (%) (%)
T90 20 0.23 50 45.8 0.29 11 38.1 0.50 0.34
T90 30 0.16 68 22.5 0.19 12 32.3 0.32 0.22
T90 40 0.12 116 6.1 0.15 19 18.3 0.24 0.18
T90 50 0.10 163 2.9 0.12 55 2.9 0.19 0.16
T90 60 0.09 178 4.0 0.11 56 3.6 0.17 0.14
S1 20 0.24 32 83.5 0.29 6 68.1 0.50 0.33
S1 30 0.16 7 98.5 0.19 0 100.0 0.32 0.18
S1 40 0.12 14 86.0 0.15 0 100.0 0.24 0.15
S1 50 0.10 6 91.2 0.12 0 100.0 0.21 0.12
S1 60 0.09 1 96.8 0.11 0 100.0 0.18 0.09
S2 20 0.24 20 96.8 0.29 5 76.6 0.54 0.36
S2 30 0.16 6 99.8 0.19 0 100.0 0.33 0.18
S2 40 0.12 7 96.0 0.15 0 100.0 0.25 0.14
S2 50 0.10 1 98.4 0.12 0 100.0 0.23 0.10
S2 60 0.09 1 95.3 0.11 0 100.0 0.18 0.09
S3 20 0.23 28 91.3 0.29 4 84.0 0.55 0.35
S3 30 0.16 10 98.2 0.19 1 91.1 0.32 0.22
S3 40 0.12 10 93.4 0.15 0 100.0 0.24 0.14
S3 50 0.10 3 96.8 0.12 0 100.0 0.21 0.10
S3 60 0.09 2 95.1 0.11 0 100.0 0.19 0.10
S4 20 0.23 41 67.0 0.29 7 64.1 0.49 0.34
S4 30 0.16 17 92.7 0.19 0 100.0 0.35 0.19
S4 40 0.12 9 93.5 0.15 0 100.0 0.24 0.14
S4 50 0.10 6 93.2 0.12 0 100.0 0.20 0.11
S4 60 0.09 1 97.1 0.11 0 100.0 0.17 0.09
S5 20 0.24 43 62.7 0.29 5 76.9 0.52 0.37
S5 30 0.16 17 92.3 0.19 0 100.0 0.32 0.18
S5 40 0.12 18 82.7 0.15 1 81.3 0.25 0.16
S5 50 0.10 7 89.5 0.12 0 100.0 0.21 0.12
S5 60 0.09 2 96.1 0.11 0 100.0 0.17 0.09
S6 20 0.23 23 94.3 0.29 5 73.5 0.49 0.33
S6 30 0.16 11 97.1 0.19 1 90.1 0.32 0.20
S6 40 0.12 6 96.5 0.15 0 100.0 0.26 0.14
S6 50 0.10 3 96.3 0.12 0 100.0 0.21 0.11
S6 60 0.09 0 100.0 0.11 0 100.0 0.19 0.09
S7 20 0.24 36 76.2 0.29 5 75.0 0.50 0.34
S7 30 0.16 13 94.2 0.19 2 80.1 0.33 0.20
S7 40 0.12 19 79.1 0.15 0 100.0 0.25 0.15
S7 50 0.10 18 74.0 0.12 0 100.0 0.22 0.11
S7 60 0.09 6 87.7 0.11 0 100.0 0.18 0.10
F1 20 0.24 35 80.1 0.29 3 88.4 0.59 0.32
F1 30 0.16 29 76.4 0.20 3 75.6 0.32 0.22
F1 40 0.12 24 76.2 0.15 3 62.8 0.25 0.16
F1 50 0.10 57 33.3 0.13 4 48.9 0.20 0.14
F1 60 0.09 56 33.6 0.11 2 55.0 0.17 0.11
F2 20 0.24 32 84.6 0.29 6 68.8 0.51 0.35
F2 30 0.16 22 86.6 0.20 2 82.9 0.32 0.20
F2 40 0.13 23 74.9 0.15 1 78.4 0.27 0.15
F2 50 0.10 45 45.4 0.13 3 56.0 0.22 0.14
F2 60 0.09 28 55.5 0.11 0 100.0 0.19 0.11
F3 20 0.24 34 80.5 0.29 10 46.2 0.54 0.34
F3 30 0.16 21 86.0 0.20 1 89.8 0.33 0.21
F3 40 0.13 10 93.1 0.15 0 100.0 0.25 0.14
F3 50 0.10 6 91.8 0.13 0 100.0 0.22 0.12
F3 60 0.09 9 80.3 0.11 0 100.0 0.18 0.10
F4 20 0.24 45 57.0 0.29 11 37.6 0.50 0.34
F4 30 0.16 24 82.5 0.20 0 100.0 0.32 0.19
F4 40 0.12 16 83.0 0.15 0 100.0 0.24 0.14
F4 50 0.10 19 73.2 0.13 0 100.0 0.20 0.11
F4 60 0.09 16 69.4 0.11 0 100.0 0.18 0.10
F5 20 0.24 55 36.1 0.29 12 33.3 0.52 0.34
F5 30 0.16 19 90.0 0.20 1 91.7 0.32 0.20
F5 40 0.12 5 97.9 0.15 0 100.0 0.26 0.13
F5 50 0.10 12 82.8 0.13 0 100.0 0.20 0.11
F5 60 0.09 9 80.5 0.11 0 100.0 0.19 0.10
F6 20 0.24 46 54.8 0.29 11 39.8 0.56 0.36
F6 30 0.16 32 71.3 0.20 1 89.3 0.34 0.20
F6 40 0.12 22 78.1 0.15 1 83.3 0.24 0.15
F6 50 0.10 21 67.9 0.13 1 70.2 0.22 0.13
F6 60 0.09 4 89.8 0.11 0 100.0 0.20 0.10
F7 20 0.24 37 75.2 0.29 8 55.4 0.51 0.33
F7 30 0.16 16 94.2 0.20 0 100.0 0.34 0.19
F7 40 0.13 10 92.5 0.15 0 100.0 0.27 0.14
F7 50 0.10 21 68.9 0.13 0 100.0 0.21 0.12
F7 60 0.09 21 61.7 0.11 0 100.0 0.18 0.10
∗
r are the radii of the patches.
†
D
s
5
, Ds
1
, and Ds
0
delimit the highest 5%, 1%, and the maximum of all Ds
values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which Dm > Ds
i
,
where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches with Ds >
D
s
i
in the randomly shuffled data, where i=5 or 1. The cases with PN
i
≤ 5%
are emphasized in boldface.
§
D
m
0
is the maximum value of the statistic in the measured data.
Table 11. Results using the Kuiper statistic V for the Swift/BAT
sample.
Obs. r V s
5
N
m
5
P
N
5
V
s
1
N
m
1
P
N
1
V
s
0
V
m
0
(◦) (%) (%)
T90 20 0.30 45 59.3 0.35 9 50.9 0.54 0.37
T90 30 0.20 35 69.8 0.23 2 84.7 0.35 0.24
T90 40 0.16 42 51.8 0.18 2 72.5 0.27 0.20
T90 50 0.13 81 18.8 0.15 17 20.6 0.22 0.17
T90 60 0.12 68 25.4 0.13 16 19.6 0.19 0.14
S1 20 0.30 33 83.4 0.35 5 76.6 0.61 0.41
S1 30 0.20 32 73.1 0.24 2 85.2 0.36 0.24
S1 40 0.16 25 74.3 0.18 5 56.5 0.28 0.19
S1 50 0.13 14 80.2 0.15 1 71.0 0.23 0.16
S1 60 0.12 10 80.2 0.13 0 100.0 0.20 0.12
S2 20 0.30 20 97.9 0.35 5 78.9 0.60 0.44
S2 30 0.20 19 91.9 0.23 0 100.0 0.36 0.23
S2 40 0.16 19 83.3 0.18 1 85.6 0.27 0.19
S2 50 0.13 4 95.3 0.15 0 100.0 0.24 0.15
S2 60 0.12 16 72.4 0.13 1 67.3 0.21 0.14
S3 20 0.30 37 77.8 0.35 6 71.6 0.57 0.47
S3 30 0.20 29 80.4 0.23 3 79.4 0.36 0.27
S3 40 0.16 21 79.9 0.18 0 100.0 0.27 0.17
S3 50 0.13 9 90.6 0.15 0 100.0 0.24 0.15
S3 60 0.12 9 83.4 0.13 0 100.0 0.22 0.13
S4 20 0.30 49 49.2 0.35 9 49.7 0.58 0.43
S4 30 0.20 43 55.3 0.24 7 54.1 0.37 0.25
S4 40 0.16 34 63.2 0.18 0 100.0 0.27 0.18
S4 50 0.13 23 70.6 0.15 2 66.0 0.23 0.16
S4 60 0.12 10 80.9 0.13 1 66.9 0.20 0.14
S5 20 0.30 60 27.2 0.35 11 39.2 0.56 0.43
S5 30 0.20 51 44.5 0.23 2 84.1 0.35 0.24
S5 40 0.16 57 35.7 0.18 6 50.6 0.28 0.21
S5 50 0.13 30 62.3 0.15 3 57.2 0.25 0.16
S5 60 0.12 15 75.1 0.13 1 66.8 0.19 0.14
S6 20 0.30 31 87.5 0.35 5 78.2 0.55 0.46
S6 30 0.20 28 79.3 0.24 1 91.2 0.34 0.25
S6 40 0.16 17 86.1 0.18 1 85.8 0.30 0.19
S6 50 0.13 10 88.8 0.15 1 75.1 0.23 0.15
S6 60 0.12 11 78.5 0.13 1 66.1 0.20 0.14
S7 20 0.30 36 77.5 0.35 7 63.6 0.54 0.45
S7 30 0.20 41 57.4 0.24 4 68.3 0.35 0.24
S7 40 0.16 53 39.6 0.18 4 59.5 0.27 0.19
S7 50 0.13 30 60.7 0.15 5 48.5 0.23 0.17
S7 60 0.12 15 74.7 0.13 0 100.0 0.20 0.13
F1 20 0.30 42 65.9 0.36 7 64.7 0.59 0.38
F1 30 0.21 56 36.3 0.24 17 19.5 0.38 0.28
F1 40 0.16 40 54.9 0.18 3 67.8 0.28 0.19
F1 50 0.13 38 51.8 0.15 6 44.9 0.23 0.16
F1 60 0.12 25 61.8 0.14 0 100.0 0.20 0.13
F2 20 0.30 33 85.0 0.36 10 43.7 0.58 0.43
F2 30 0.21 46 49.7 0.24 16 21.0 0.40 0.27
F2 40 0.16 37 57.7 0.19 6 48.4 0.29 0.19
F2 50 0.13 33 59.9 0.15 2 64.8 0.25 0.17
F2 60 0.12 17 68.1 0.14 1 66.0 0.19 0.14
F3 20 0.31 41 68.8 0.36 13 31.2 0.61 0.43
F3 30 0.21 32 72.2 0.24 0 100.0 0.36 0.24
F3 40 0.16 33 62.6 0.19 4 59.7 0.28 0.19
F3 50 0.13 42 46.1 0.15 9 33.5 0.25 0.17
F3 60 0.12 44 42.3 0.13 7 36.9 0.19 0.14
F4 20 0.31 50 47.9 0.36 9 49.8 0.59 0.44
F4 30 0.21 37 64.8 0.24 1 92.4 0.36 0.25
F4 40 0.16 24 76.6 0.18 2 73.5 0.27 0.19
F4 50 0.13 27 64.3 0.15 3 58.3 0.24 0.16
F4 60 0.12 19 70.5 0.14 1 66.8 0.20 0.15
F5 20 0.30 53 40.9 0.36 13 29.1 0.56 0.53
F5 30 0.21 34 70.2 0.24 7 53.1 0.37 0.30
F5 40 0.16 24 77.2 0.18 0 100.0 0.29 0.18
F5 50 0.13 23 69.3 0.15 4 52.9 0.22 0.16
F5 60 0.12 24 61.5 0.14 3 50.6 0.20 0.15
F6 20 0.30 40 71.2 0.36 9 52.1 0.60 0.41
F6 30 0.21 55 36.2 0.24 14 28.0 0.36 0.27
F6 40 0.16 49 44.7 0.18 13 27.9 0.28 0.21
F6 50 0.13 41 50.1 0.15 10 30.4 0.24 0.16
F6 60 0.12 6 87.2 0.14 1 67.9 0.24 0.14
F7 20 0.30 45 60.1 0.36 12 35.5 0.58 0.43
F7 30 0.21 20 90.3 0.24 0 100.0 0.36 0.24
F7 40 0.16 22 79.0 0.18 2 73.8 0.30 0.19
F7 50 0.13 33 57.4 0.15 7 38.4 0.23 0.17
F7 60 0.12 18 67.3 0.14 2 55.4 0.20 0.15
∗
r are the radii of the patches.
†
V
s
5
, V s
1
, and V s
0
delimit the highest 5%, 1%, and the maximum of all V s
values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which Vm > V s
i
,
where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches with V s > V s
i
in the randomly shuffled data, where i=5 or 1.
§
V
m
0
is the maximum value of the statistic in the measured data.
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Table 12. Results using the Anderson–Darling statistic AD for
the Swift/BAT sample.
Obs. r ADs
5
N
m
5
P
N
5
AD
s
1
N
m
1
P
N
1
AD
s
0
AD
m
0
(◦) (%) (%)
T90 20 2.50 61 26.6 3.90 8 52.0 12.96 4.80
T90 30 2.50 87 11.8 3.92 17 19.2 13.16 4.87
T90 40 2.49 115 6.5 3.86 25 13.3 12.67 5.55
T90 50 2.50 145 5.4 3.87 56 3.5 10.71 7.04
T90 60 2.46 169 4.9 3.84 44 6.3 10.53 6.97
S1 20 2.50 29 86.7 3.89 6 65.9 12.08 6.41
S1 30 2.51 7 97.8 3.89 0 100.0 11.96 3.29
S1 40 2.50 10 88.4 3.92 0 100.0 12.39 3.85
S1 50 2.48 2 96.9 3.85 0 100.0 10.35 2.92
S1 60 2.51 0 100.0 3.92 0 100.0 10.57 1.91
S2 20 2.50 30 83.1 3.90 7 60.3 11.14 6.48
S2 30 2.48 8 98.4 3.84 0 100.0 12.69 3.01
S2 40 2.53 7 92.1 3.93 0 100.0 13.14 3.55
S2 50 2.47 1 96.4 3.86 0 100.0 18.71 2.89
S2 60 2.51 0 100.0 3.94 0 100.0 11.85 1.88
S3 20 2.47 33 79.1 3.83 10 43.0 13.25 6.28
S3 30 2.48 11 96.4 3.85 0 100.0 11.75 3.45
S3 40 2.46 7 94.1 3.85 0 100.0 13.16 3.21
S3 50 2.48 1 98.5 3.83 0 100.0 12.57 3.05
S3 60 2.45 0 100.0 3.80 0 100.0 11.23 2.14
S4 20 2.49 42 63.8 3.88 8 53.3 11.58 6.46
S4 30 2.49 19 87.5 3.89 0 100.0 11.74 3.88
S4 40 2.48 10 91.1 3.89 0 100.0 12.31 3.28
S4 50 2.50 2 97.2 3.85 0 100.0 12.07 3.52
S4 60 2.48 1 95.1 3.82 0 100.0 12.78 2.48
S5 20 2.49 51 43.3 3.87 7 58.3 12.74 7.20
S5 30 2.46 23 82.3 3.83 3 69.4 11.97 4.52
S5 40 2.49 13 86.0 3.87 0 100.0 13.04 3.15
S5 50 2.49 5 88.5 3.88 0 100.0 15.15 3.59
S5 60 2.49 1 96.2 3.88 0 100.0 10.74 2.62
S6 20 2.49 28 87.5 3.88 8 54.1 13.33 6.60
S6 30 2.49 9 96.4 3.89 0 100.0 14.20 3.21
S6 40 2.48 8 93.3 3.85 0 100.0 12.80 3.38
S6 50 2.49 1 97.8 3.88 0 100.0 11.80 3.08
S6 60 2.54 0 100.0 3.94 0 100.0 12.91 2.12
S7 20 2.52 39 67.6 3.93 8 52.0 11.15 6.65
S7 30 2.53 16 89.4 3.96 2 75.8 12.60 4.10
S7 40 2.53 11 86.7 3.98 0 100.0 14.02 3.30
S7 50 2.47 1 98.3 3.86 0 100.0 14.95 3.37
S7 60 2.49 0 100.0 3.86 0 100.0 11.64 2.25
F1 20 2.48 56 35.6 3.86 12 34.4 10.97 7.79
F1 30 2.50 62 30.3 3.86 8 44.3 11.71 4.77
F1 40 2.50 83 18.6 3.89 4 52.6 11.19 4.42
F1 50 2.51 94 16.3 3.89 23 14.0 10.58 5.71
F1 60 2.49 101 15.3 3.87 22 14.8 10.94 6.01
F2 20 2.46 48 50.6 3.84 12 32.5 12.40 8.07
F2 30 2.48 49 45.9 3.83 9 42.3 11.99 5.42
F2 40 2.52 66 27.5 3.96 4 50.6 13.41 4.72
F2 50 2.51 78 21.8 3.90 22 14.9 11.93 5.33
F2 60 2.54 76 21.3 3.96 12 22.0 13.67 5.36
F3 20 2.50 45 56.5 3.87 9 47.1 11.45 7.17
F3 30 2.48 28 73.2 3.86 5 57.0 12.74 4.63
F3 40 2.52 31 60.3 3.93 0 100.0 13.19 3.67
F3 50 2.51 49 38.4 3.89 6 37.4 13.18 4.69
F3 60 2.50 36 46.8 3.83 1 58.6 14.16 4.27
F4 20 2.52 50 45.2 3.91 6 65.5 11.75 6.67
F4 30 2.51 27 76.5 3.91 5 57.5 12.44 4.74
F4 40 2.47 34 58.2 3.84 0 100.0 11.81 3.45
F4 50 2.48 47 39.6 3.86 2 55.0 13.23 4.13
F4 60 2.52 28 50.9 3.97 0 100.0 12.40 3.94
F5 20 2.49 62 26.2 3.87 7 57.8 12.82 6.02
F5 30 2.50 31 70.3 3.88 5 58.1 11.25 4.50
F5 40 2.48 17 81.2 3.85 0 100.0 13.92 3.03
F5 50 2.48 39 48.7 3.86 1 64.8 12.88 3.96
F5 60 2.50 24 57.3 3.94 0 100.0 11.20 3.90
F6 20 2.48 50 44.7 3.87 13 29.5 11.23 7.74
F6 30 2.49 38 61.3 3.87 6 52.9 12.39 5.58
F6 40 2.50 51 42.1 3.85 3 59.3 12.22 4.20
F6 50 2.52 63 30.0 3.89 14 23.9 12.14 4.94
F6 60 2.48 58 31.9 3.89 3 41.4 12.19 4.93
F7 20 2.49 45 55.8 3.85 8 53.3 12.67 6.64
F7 30 2.51 28 74.1 3.94 6 50.5 12.23 5.15
F7 40 2.51 30 63.7 3.91 0 100.0 13.18 3.46
F7 50 2.51 48 40.3 3.91 2 54.6 13.64 4.01
F7 60 2.48 30 49.4 3.87 1 54.4 11.32 4.11
∗
r are the radii of the patches.
†
AD
s
5
, ADs
1
, and ADs
0
delimit the highest 5%, 1%, and the maximum of all
AD
s values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which ADm > ADs
i
,
where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches with ADs >
AD
s
i
in the randomly shuffled data, where i=5 or 1. The cases with PN
i
≤ 5%
are emphasized in boldface.
§
AD
m
0
is the maximum value of the statistic in the measured data.
Table 13. Results using the χ2 statistic for the Swift/BAT sam-
ple.
Obs. r χ2 s
5
N
m
5
P
N
5
χ2 s
1
N
m
1
P
N
1
χ2 s
0
χ2 m
0
(◦) (%) (%)
T90 20 21.09 77 3.1 42.93 6 59.4 113.50 50.62
T90 30 20.97 62 30.0 28.02 25 10.7 67.82 41.37
T90 40 17.90 136 1.7 23.25 52 1.8 55.28 54.61
T90 50 17.07 155 2.0 21.98 48 3.3 47.86 40.90
T90 60 16.66 181 2.3 21.27 61 2.3 44.66 32.07
S1 20 25.41 44 67.4 43.98 0 100.0 155.46 43.27
S1 30 21.11 62 30.2 29.35 8 40.9 73.25 47.15
S1 40 18.53 97 11.2 24.70 35 7.7 56.10 46.78
S1 50 17.25 118 8.7 22.54 52 3.6 45.28 33.77
S1 60 16.63 142 4.8 21.10 65 1.9 41.06 33.19
S2 20 32.63 38 80.4 49.05 8 49.5 143.29 59.63
S2 30 22.68 45 53.1 31.71 6 44.7 71.67 41.02
S2 40 19.27 48 47.4 25.48 4 52.9 69.28 27.70
S2 50 17.58 24 68.6 22.91 1 66.7 53.34 24.79
S2 60 16.29 20 68.9 20.67 2 57.2 38.91 22.63
S3 20 31.70 59 26.8 48.46 13 33.8 142.35 61.14
S3 30 21.90 46 54.2 31.10 14 28.1 71.31 39.32
S3 40 17.98 101 9.2 24.49 22 15.7 66.47 33.88
S3 50 16.19 96 14.1 21.35 8 34.6 45.15 22.69
S3 60 15.00 59 32.2 19.24 0 100.0 39.60 19.18
S4 20 36.07 42 68.7 53.34 9 45.0 158.43 69.23
S4 30 24.31 54 40.0 35.12 2 63.5 97.67 35.70
S4 40 19.98 51 43.8 26.52 10 33.3 52.70 33.02
S4 50 17.67 76 22.5 22.74 4 49.0 50.20 23.53
S4 60 16.21 35 50.8 20.48 0 100.0 44.64 19.98
S5 20 36.50 40 71.8 53.03 8 50.8 157.77 69.19
S5 30 24.24 56 39.0 34.98 0 100.0 87.36 34.89
S5 40 20.00 45 50.4 26.68 5 45.9 60.61 32.79
S5 50 17.58 57 36.4 22.86 0 100.0 47.04 22.28
S5 60 16.45 11 77.6 20.90 0 100.0 39.95 19.91
S6 20 25.87 37 84.6 45.11 3 74.8 193.32 49.93
S6 30 21.55 33 73.7 29.99 0 100.0 81.76 28.92
S6 40 18.57 17 85.1 25.12 0 100.0 52.30 22.50
S6 50 17.42 4 94.7 22.64 0 100.0 46.09 19.80
S6 60 16.83 0 100.0 21.43 0 100.0 42.44 16.63
S7 20 26.92 74 5.6 45.13 21 14.9 186.78 73.26
S7 30 21.63 73 16.8 31.52 35 6.3 82.70 46.85
S7 40 18.98 86 16.8 25.62 9 35.4 55.11 30.41
S7 50 17.34 38 53.1 22.63 0 100.0 52.02 20.79
S7 60 16.62 4 89.1 21.19 0 100.0 44.03 17.13
F1 20 24.56 43 68.6 44.55 10 44.0 138.83 60.52
F1 30 20.44 45 56.2 29.31 6 45.3 80.35 31.47
F1 40 17.34 70 25.3 23.71 14 26.2 59.13 29.74
F1 50 16.05 59 33.7 21.15 6 42.4 47.69 22.35
F1 60 15.19 24 64.7 19.58 1 66.1 42.01 19.78
F2 20 30.58 56 35.1 45.37 24 9.3 140.29 75.69
F2 30 20.25 67 24.4 27.32 33 7.9 68.43 45.64
F2 40 16.14 69 27.1 21.89 50 3.1 56.52 36.01
F2 50 14.36 104 9.9 18.83 57 2.4 36.92 27.59
F2 60 13.59 95 16.4 17.89 28 10.7 38.62 22.46
F3 20 39.63 46 57.8 56.47 12 35.6 191.26 83.86
F3 30 24.95 51 46.6 36.16 15 25.3 79.57 49.23
F3 40 20.69 71 24.2 27.34 21 15.8 64.18 38.54
F3 50 17.63 72 27.3 22.49 29 10.9 55.80 31.38
F3 60 15.93 45 43.7 19.99 9 31.3 36.40 22.20
F4 20 39.60 39 72.1 56.28 3 74.4 139.87 68.13
F4 30 25.32 15 92.0 36.68 0 100.0 84.13 36.07
F4 40 20.70 21 79.4 27.29 0 100.0 59.92 25.98
F4 50 17.83 35 55.8 22.91 5 42.2 43.93 25.36
F4 60 15.78 29 60.8 19.84 4 43.0 42.97 21.22
F5 20 38.26 39 71.5 55.26 2 80.7 156.23 63.92
F5 30 25.07 23 85.3 36.45 0 100.0 85.66 33.14
F5 40 20.54 19 80.8 27.41 0 100.0 55.84 27.40
F5 50 17.64 25 67.6 22.65 4 45.9 47.27 24.26
F5 60 16.10 21 66.8 20.22 0 100.0 38.05 18.72
F6 20 23.19 39 78.1 44.44 13 31.0 155.47 58.55
F6 30 20.55 39 63.9 27.86 9 38.8 78.76 31.64
F6 40 17.04 39 56.5 23.31 1 72.0 58.60 24.00
F6 50 15.86 32 59.4 21.21 0 100.0 41.19 19.04
F6 60 15.31 34 50.4 20.00 1 63.0 41.27 21.36
F7 20 22.91 41 71.9 44.52 10 43.5 122.16 57.32
F7 30 20.91 62 30.4 28.42 15 23.9 94.29 34.04
F7 40 17.19 60 32.7 23.84 3 54.0 58.56 30.68
F7 50 15.89 58 36.2 21.32 2 59.2 41.76 25.48
F7 60 15.19 48 41.1 19.78 0 100.0 46.39 19.05
∗ r are the radii of the patches.
† χ2 s
5
, χ2 s
1
, and χ2 s
0
delimit the highest 5%, 1%, and the maximum of all
χ2 s values from all patches in all shuffled data.
‡
N
m
i
is the number of patches in the measured data for which χ2 m > χ2 s
i
,
where i=5 or 1.
#
P
N
i
is the probability of finding at least Nm
i
number of patches with χ2 s >
χ2 s
i
in the randomly shuffled data, where i=5 or 1. The cases with PN
i
≤ 5%
are emphasized in boldface.
§ χ2 m
0
is the maximum value of the statistic in the measured data.
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